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Character of mutation. Mutations may result in striking new
characteristics, as in the case of the red sunflower. The difference
may be one of color, form, size, or other features. A quantitative
change may be conspicuous. The evening primrose has by muta-
tion produced large forms. Often, however, a mutant form may
differ only very slightly from its parents. The mutation may re-
sult in only a very slight difference in size, or a change in shade of
color, or some other minor difference. The essential characteristic
of a mutation is that there is a change which is hereditary.
Origin of mutations. Mutations are due to alterations in
chromosomes. In a large number of cases a mutation is connected
with differences which have been observed between chromosomes
of the mutant and those of the parent. Many mutants are con-
nected with changes in the number of chromosomes. The large
gigas forms of the evening primrose have twice the number of
chromosomes found in ordinary plants. In other words, instead of
being diploid the plants are tetraploid. Many cultivated plants
have varieties with more than the diploid number of chromosomes.
These multiplications of the original number may be triploid,
tetraploid, pentaploid, hexaploid, etc. Plants with more than the
usual number of chromosomes are sometimes larger than the
parent form, but this is not always the case. They may also differ
in other characteristics. The most common cause of the origin of
tetraploid ^varieties, probably, is that the chromosomes of a
nucleus have divided but the nucleus itself has not. Various other
irregularities in chromosome numbers have been found to be con-
nected with mutations. Thus, mutations may have 2 x + 1 or
2x + 2 chromosomes; such numbers appear to be derived, at
least in some cases, from the failure of a chromosome to divide at
the usual time. If two chromatids do not separate at metaphase
but pass together to one pole and thus enter a single nucleus, that
nucleus will have one more than the usual number of chromosomes,
while its sister nucleus will have one less. Modifications of in-
dividual chromosomes have also been noted in mutants. While
changes in chromosomes can thus be observed in many mutants,
it is very frequently the case that there is no observable change. It
would appear, however, that in such cases there must have been
an alteration in a chromosome, even though this change may have